Abstract Near-infrared time-resolve spectroscopy (TRS) is an emerging method which enables the absolute hemoglobin concentration in tissue to be evaluated. In the present paper, two experiments measuring the absolute hemoglobin concentrations in the prefrontal region to estimate the local cerebral activity will be demonstrated. The results of the studies were as follows: 1) There were significant differences in the absolute hemoglobin concentrations between the groups with different traits in personalities such as anxiety, or type A behavior pattern. 2) TRS was found to be applicable to field experiments. It was revealed that in a forest environment, the activity in the prefrontal region was calmer than in a city environment. This method will provide useful information on the absolute hemoglobin concentrations and contribute to making physiological polymorphisms clear.
Introduction
Cerebral oxygenation is known to reflect physiological brain activation. A number of studies on brain function have been conducted using Positron Emission Tomography (PET), functional Magnetic Resonance Imaging (fMRI), and NearInfrared Spectroscopy (NIRS).
Among these various methods to assess cerebral activation, NIRS (Villringer and Chance, 1997; Shaw et al., 2000) is unique in that it utilizes near-infrared light. It permits noninvasive, real-time monitoring of brain oxygenation, it is simple, and it gives less stress to subjects during the measurements compared to the other methods. The equipment is portable and can even be applied to field experiments.
We have focused on these advantages of NIRS, in terms of the target of our study, "human comfort," and we have conducted studies on the physiological responses of humans to stimuli mainly from natural environments, such as the smell of essential oils from wood, , the touch of painted and unpainted wood surfaces , or the sound of a small creek in a forest (Mishima et al., 2004) . In NIRS, oxy-and deoxy-hemoglobin (Hb) concentrations are calculated by applying the modified Lambert-Beer Law, where optical path length is required. However in NIRS, the average path length is unknown and assumed to be constant value. In practice, a certain value obtained by experimental measurements has been substituted for all subjects.
Near-infrared time-resolve spectroscopy (TRS) is an emerging method which enables an evaluation of absolute Hb concentration in tissue by (i) measuring the distribution of the actual path length of photons or (ii) using the photon diffusion equation (Oda et al., 1999) , by the use of ultrashort (picosecond) pulses. The TRS will permit, for instance, a comparison of the absolute Hb concentration in the local brain tissue inter-or intra-individual, and is expected to play an important role in studies aiming to clarify the physiological polymorphism.
In this paper, data obtained by TRS using the photon diffusion equation are presented in an attempt to relate the variation in absolute Hb concentrations measured in the left and right forehead (which is considered to reflect cerebral activation mainly in the prefrontal area) to the individual personalities . Also, as an example of applications to field experiments, a study on the physiological effects of spending time or walking in a forest atmosphere will be introduced (Park et al., 2005) . The aim of the present paper is to promptly report the possibility of TRS by demonstrating these rather freshly-obtained data. 
Method
The subjects were seventeen female university students (23.9Ϯ3.1 years old). They were sufficiently informed of the aim and the procedure of the experiment, and gave written informed consent. Their state and trait anxiety, type A personality were measured by two personality tests, the Japanese version of State-Trait Anxiety Inventory (STAI) (Nakazato and Mizuguchi, 1982) , and KG's Daily Life Questionnaire (Yamazaki et al., 1993) . Approximate time required was 20 min. The physiological measurement was conducted in an artificial climate chamber where the ambient condition was set at 24°C, 50% RH (Relative Humidity), 50 lx. The baseline of the absolute Hb concentration in the left and right forehead was measured using TRS (TRS-10, Hamamatsu Photonics K.K.) three times. Olfactory and gustatory stimulation by a 0.2 g piece of milk chocolate was given in the following 90 sec. During the stimulation, the concentrations of oxy-, deoxy-, and total Hb in the left and right prefrontal region were measured consecutively every second. Figure 3 shows the average values of the hemoglobin concentration under resting condition of the highanxiety (Nϭ3), and the low-anxiety (Nϭ3) groups. The hemoglobin concentrations in the right prefrontal region of the low-anxiety group were higher than that of the high-anxiety group, and there were significant differences in the [t-Hb] and [deoxy-Hb] between the two groups ( pϽ0.05 by unpaired ttest). We have observed in a previous study using NIRS and male subjects that the type B and the high-anxiety group showed larger changes in the [t-Hb] than that of the other groups (Tsunetsugu et al., 2003) . The lower baselines in the hemoglobin concentrations might allow the larger changes. In this manner, the absolute measurements of hemodynamics by TRS will provide more information than existing NIRS, and contribute to elucidating the physiological characteristics that individuals originally have. 
Results and discussion

Method
The experiment was conducted in a forest and around a station in Chiba prefecture, Japan. The subjects were twelve male university students (22.8Ϯ1.4 years old). They were sufficiently informed of the aim and the procedure of the experiment, and gave written informed consent. In this experiment, the subjects were divided randomly into two groups. On the first day of the experiment, one group went to a forest area, and the other to a city area as a control for the forest area. On the second day, the subjects were sent to opposite areas to crosscheck. In the forenoon of each experiment day, the subjects walked around their given area for 20 min. In the afternoon, they were seated on chairs watching the landscapes of their given area for 20 min.
Absolute concentrations of hemoglobin in the left prefrontal area were measured using TRS in the morning at the place of lodging, before and after the walking in the given area, and before and after sitting in the given area. Saliva for analyzing salivary cortisol was sampled at the same time of the TRS measurement and in the evening at the place of lodging. Subjective evaluation using two pairs of adjectives, comfortable/uncomfortable, calm/excited, was conducted in the morning, after walking and sitting, and in the evening. Figure 4 shows the average value of the [t-Hb] in the left prefrontal area. Not all data for every subject and measurement time could be obtained because of the bright light in the surrounding environments especially in daytime in the fields. The number of sets of data obtained was 5 to 12 depending on the situation. In the morning at the place of lodging, [t-Hb] of the subjects who were to go to the forest area was significantly lower than that of those going to the city area. Also, [t-Hb] after walking and before sitting tended to be lower in the forest area than that in the city area. It is thought that the lower [t-Hb] in the forest area showed that the activity in the measured cerebral area had calmed. Figure 5 shows the average value of the salivary cortisol concentration in the forest and city areas. The concentration of the salivary cortisol was significantly lower before and after sitting in the forest area compared to that in the city area. It was also observed that the salivary cortisol tended to increase by sitting in the city area for 20 min. It is thought that the result in the salivary cortisol concentration indicated that the stress levels in the city area were higher than that in the forest area. In the subjective evaluation, walking and sitting in the forest were evaluated as between moderately and slightly comfortable and calm, whereas these activities were felt as indifferent or slightly uncomfortable in the city area. The changes in the physiological indices in the present experiment especially in the forest area were well correlated with the subjective feelings.
Result and discussion
Conclusion
The present paper demonstrated data obtained by using TRS in both laboratory and field experiments. It was shown that there might be a difference in the baseline of the hemoglobin concentration in the prefrontal area between the groups with different traits in personalities such as anxiety, or type A behavior pattern. It was also shown that TRS was applicable, to a large extent, to field experiments. The measurement of absolute values of hemoglobin concentrations in cerebral tissue is expected to provide useful information on local cerebral activation, and further accumulation of data may help to elucidate the physiological polymorphism.
